COMMENTARY Bioinformatics at the Albert Einstein College of Medicine

I
n the broad sense of the word, bioinformatics is the application of computer technology to the management of biological information. In particular, it is the science of developing databases and algorithms to facilitate and expedite biological research (Table 1) . For example, computer searches allowed for identification of "cellular gene analogues of viral oncogenes" (Lesk, 1998) . Other applications include protein and RNA folding pattern prediction, evolutionary trees construction, and nucleic acids sequences comparison.
The need for "sophisticated analysis of biological sequences" (Durbin et al., 1999) is the driving force behind the new and expanding field of bioinformatics. Since "molecular biology and computer science are the most rapidly evolving disciplines in the contemporary scientific scene" (Lesk, 1998) , data (e.g., human genome) are being produced at an exponential rate. Therefore, no modern scientist or scientific institution can be successful without knowing how to control, manipulate, and interpret this ever-growing database of biological knowledge.
In this article, I outline the current state of readiness of the Albert Einstein College of Medicine (AECOM) to handle pressing bioinformatics problems of our times and attempt to project gaps that must be filled in order to successfully enter into the era of infinite data. What is the bioinformatics' status quo at AECOM today? In terms of facilities there are a number of resources available to everyone (Table 2) .
On February 1, 2004 the Genome Informatics Core Laboratory, largely unknown to the AECOM community, became the Bioinformatics Shared Resource (BISR). It provides bioinformatics support to individual researchers in both basic science and clinical areas. In addition, this shared resource will support the bioinformatics needs of other core facilities and centers of the medical school, including the chemical genome core facility, fluorescent in situ hybridization (FISH) core facility, microarray facility, proteomics core facility, and the cancer center. It can also develop application software tailored to specific needs. The BISR consists of a group of computer-savvy faculty members who will go out of their way to help you. The Einstein Center for Synchotron Biosciences gives AECOM investigators access to electromagnetic radiation in the infrared and x-ray regions. It provides a number of protein analysis technologies, including: x-ray footprinting, x-ray crystallography, infrared spectroscopy, and genomics services. The center's most recent activity was the bioinformatics workshop at the end of January, 2004. Due to its tremendous success, this workshop will be expanded and repeated next year from January 10 to January 12. According to Dr. Mark Chance, January 10 will be an intro to National Center for Biotechnology Information (NCBI) online resources, January 11 will focus on advanced topics (NCBI microarray database, structural bioinformatics, etc.) and January 12 will be designated for AECOM and New York City area bioinformatics experts. Finally, the Seaver Foundation Center for Bioinformatics is a "virtual" center headed by Dr. Steven Schwartz. At present it has only one faculty member: Andras Fiser. However, its future seems bright. It will have six faculty members (according to Dr. Schwartz, three of them should be hired by the summer) and will be located in the new Price Center for Genetic and Translational Medicine -to be built across the street from Forchheimer, with construction scheduled to begin by the end of this year. When this center for interdisciplinary science is finished it will house eight bioinformatics labs.
These high-quality shared resources at AECOM provide the infrastructure for integrating data producing facilities with data management, data mining (Bioinformatics Shared Resource) and analytical resources (Division of Biostatistics) (Figure 1 ). Up to now principal investigators (P.I.) had to coordinate all facets of experiment design, data production, and analysis. However, recent developments of high throughput technology (e.g., microarrays) have resulted in the production of large datasets whose analysis and management requires additional expertise.
This problem is being addressed by the development of
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a new model for applying high throughput technology to solve biological questions. In this model, faculty members have access to biostatistics and bioinformatics input during the experimental design stage. This ensures optimal structure of the data generated for further studies and stored in a central database at the BISR. Data analysis is performed with input from the investigator and the biostatistics facility. In a similar fashion, data mining and data management is done by the investigator and the bioinformatics resource. This integrated model gives the AECOM faculty the opportunity to obtain an optimal outcome from the shared facilities. It provides for efficient and effective experimental design and ensures derivation of maximal information from the generated datasets.
When it comes to resources and faculty recruitment, AECOM is doing quite well. However, in terms of courses offered, the picture is not a pretty one. We all agree that changes should be made. In fact "there seems to be wide agreement within both industry and academia that there are not enough scientists adequately trained in bioinformatics" (Altman, 1998) . As the current recruitment of bioinformatics faculty at AECOM shows, it is difficult to find scientists with appropriate skills for independent research in this field. In practical terms, it is expensive to train individuals in bioinformatics at the post-doctoral level because it requires taking numerous graduate school courses in addition to years of Ph.D. training. A better alternative is to teach bioinformatics at the graduate level. Due to the interdisciplinary nature of contemporary scientific research, the role of Bioinformatics will continue to increase. Therefore, it is important that the AECOM community not only acknowledges this fact but also implements measures to ensure its adequate preparation for the future.
